Main results -The mean daily mortality was 17.5, and the average daily levels of air pollutants from the three monitoring stations included in the study were, 67.7 tgIm' for black smoke, and 39.9 tg/ m3 for SO2. A significant positive association between black smoke and three of the four outcomes in the study was found. The estimated relative risk (RR) of dying corresponding to a 10 pg/m3 increase in mean daily black smoke over the whole period was 1.009 (95% confidence interval (95% CI): 1.003, 1.015). For mortality in the group aged more than 70 years and for cardiovascular mortality, the RRs were 1.008 (95% CI: 1.001, 1.016) and 1.012 (95% CI: 1.003, 1.022) respectively. The association with SO2 was less clear: it was only evident during the warm season. The estimated RRs in this case were 1.007 (95% CI: 0.999, 1.015) for total mortality, 1.009 (95% CI: 1.00, 1.21) for total mortality in those older than 70, and 1.012 (95% CI: 0.995, 1.026) for cardiovascular deaths. No significant association was found between mortality from respiratory diseases and either of the two pollutants. Conclusions -A positive relationship between air pollution and mortality was found in the short term, as has been shown in an important number of studies carried out elsewhere. Although the current levels of particulate air pollution in Valencia are not very high, they could have an effect on the number of premature deaths. Despite the fact that the association is weak, it is important at the public health level both because of the numbers of population exposed and the possibility of establishing control measures.
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In recent years, a growing number of epidemiological studies have suggested that increases in air pollution could cause increases in daily mortality, even where levels of pollutants are below those considered as safe. Most published reports of this have come from investigations carried out in the USA, which show that particulate matter is the pollutant which exhibits this relationship most clearly. 1 234' In Europe, a series ofinvestigations has also been carried out but with more diverse results in terms of the pollutant with the strongest association (in many cases it has been SO2 and not particulate matter), and because of difficulties in comparing results obtained from studies in which different methods have been used to determine the concentrations of pollutants or where different methodology may have been used for the epidemiological analysis. 6789 In Valencia, air pollution is not currently regarded as a serious probleml' and there are no previous published reports on air pollution and mortality. Towards the end of 1993 we began a study which aimed to examine whether there was an association between pollution and mortality in Valencia as elsewhere. We undertook this study using the APHEA protocol which has been described previously." This European project began in 1992 and has developed an extensive and valuable database from 10 countries with different social, climatic, and environmental conditions. We present here the results of our study in Valencia using epidemiological analysis of the time series data from the APHEA study.
Methods

DESIGN
This was an ecological study using time series data to which Poisson regression was applied. Daily variations in several selected causes of death were related with daily variations in air pollution levels for the period 1991-93. STUDY 
AREA
The study was carried out in the city ofValencia (Spain). Its population, according to the census, of 1991, is over 750 000. Valencia is situated on the shores of the Mediterranean. There are few green spaces within the boundaries, although several zones dedicated to agriculture are retained. The climate is that known as mesothermal (temperate), with mild, humid winters and warm, hot summers. Given the low level of rainfall it is classified as arid-
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Epidemiology and Statistics, Institut semiarid.'2 Its topography is completely flat, with infrequent temperature inversion phenomena. The wind predominantly blows from the sea (to the east), thus alleviating the intense heat in the summer months.
MORTALITY DATA
The daily number of deaths in Valencia was obtained from the Valencian community's mortality register. The group to be studied was restricted to the city's residents only. There have been many published reports on the completeness of the register and the quality of patient diagnosis and the cause of death data that appear on the certificate used to create the statistics."'4 These show that the register is reliable. To be more specific, a high level of accuracy of the results obtained for all cause mortality and for mortality from tumours and diseases of the circulatory system has been shown, but in the case of diseases of the respiratory system the results have been less satisfactory." The groups considered in this study were: total mortality, total mortality for subjects over 70 years of age, and mortality from diseases of the circulatory system (ICD9 codes 390 to 459) and the respiratory system (ICD9 codes 460 to 519). In our study we tried very hard to guarantee the quality of our data, and in a second phase of the programme we recovered 44 deaths that had been registered late. In the city of Valencia, the network currently has 13 fixed monitoring sets for measuring the levels of particles and SO2. Of these 13 stations, five have corresponded since the end of 1990 to the type known as "weekly", which allows the collection of sequenced samples for up to eight days at a time. The other eight sets are of the "daily" type in which the change of filter and capture solution has to be carried out manually by an operative on each occasion. As a result of this the number of weekly determinations in these eight stations is limited to four. Because of this, we have limited the study to the years 1991-93, and used data from the "weekly" monitoring stations.
Air pollution data from two if these five stations were excluded because one of them showed around 35% missing values for the study period and the other was in a location that was considered as inadequate. As a result, the values used to measure air pollution are those obtained from an average of the three remaining stations. The percentage of days with missing values in any one of the three selected sets varied between 6% and 13% for black smoke, and between 8% and 13% for SO2.
The sets are located within the urban area of Valencia with a medium to intense level of vehicular traffic. Motor vehicles are considered one of the principal sources of pollutant emission given that there is not a great deal of heavy industry in the city and people do not often bum fuels for heating because of the mild climate during the winter.
METEOROLOGICAL DATA
The mean daily temperature and daily relative humidity figures were obtained from the National Institute of Meteorology at the city's weather station in the Meteorological Centre of Valencia. This location was considered more representative than another centre near the city, situated at the airport given that in various studies the effects of the thermal island, which is produced in the city of Valencia, showed up.'819 This effect consists of the modification of the temperature fields produced by large urban agglomerations. In When the seasonality terms were introduced, qualitative changes were seen in some of the groups studied, and we proceeded to carry out an analysis stratified by season. In all cases the possible autocorrelation of mortality residues was checked, along with the significance of the parameters up to the second order.
Finally, the interaction between black smoke and SO2 was investigated. A dummy variable was created for black smoke (cut off point for "low" versus "high" -100,g/m3) and the interaction term between the said variable and SO2 was introduced into the S02 model with no statistical significance emerging. A dummy variable was not created for S02, since for the Valencian data there was only one day during which the cut off point established in the procedures of the APHEA project (100 gg/m3) was exceeded. for the whole year are shown. In the case of One of the main findings of this study is the discovery of a significant association between air pollution and mortality indicators in the city of Valencia. The methodology employed has been similar to that of the other participants in the APHEA project, a fact which permits the comparison of our results with those obtained from the data sets of other cities in the study. The aim of this approach to take into adequate account the possible confounding factors, as crease well as controlling the autocorrelation. The existence of seasonal patterns in relation to the study and the possible interaction between the pollutants were also investigated.
Results
DESCRIPTIVE RESULTS
When evaluating the results of this type of study, it has to be remembered that the vari--ability of the parameters obtained in the adjusted regression models depends on the size of the population and the duration of the study. With regard to the first point, the population of Valencia is not large when compared with some of the cities in the APHEA study, as a result of which the estimates obtained could be a little unstable, especially when they are studied in relation to causes. With regard to the second point, the availability of pollution data restricted the study period to three years, which hinders attainment of statistical significance. This choice presents certain advantages, such as having up to date information which allows a more accurate estimation of the impact of Fwath pollution on mortality with the present characteristics regarding levels and the composition of the pollutants. On the other hand, however, the time periods studied are not long enough riable to hope that the variation in the age structure Langes and other population characteristics that are result important factors in the variation of the ocatified currence ofdeath (smoking habit, employment, ir was exposure in the home, diet, exercise etc) will he RR change substantially.23 As in all ecological studons of ies, the results of the study should be viewed s than with caution when making causal imputations. roups.
An important, widely known problem in this older type ofstudy is the high level ofmisclassification Dr the in terms of evaluating exposure. The whole ,iation population of the city has the same level of ie ad-exposure assigned, independent of the area in ns of which they carry out their daily lives and withth tri-out taking into account the time they spend nifest inside buildings. In addition, classification of action exposure depends on the quality of the atot in-mospheric information. The pollutant data depend largely on the situation of the monitoring stations. The need to improve the quality of information required to carry out this type of study should be highlighted, especially when cipate referring to levels of exposure. We believe that have in both the field of epidemiology as well as data in that of the professionals involved in the monitoring of air pollution, an effort should be made to collaborate closely in this type of study. This is the first study of the short term effects of air pollution on mortality carried out in Valencia. The results obtained are consistent with those from other European cities. They are, however, more similar to those obtained in American studies, where the association between air pollution and mortality is clearer for particulate matter than for SO,. Over the past few years, there have been various reviews of the topic.2"'6 In these, the authors resolve the problems of comparability of results between the different measures of exposure determination by using criteria based on chemical and morphological knowledge of the particles which allow the transformation of the values obtained into a measurement method that corresponds to the one that would have been obtained using a different measurement procedure. In this sense it is considered that, among other criteria, the value obtained for black smoke levels using the reference measuring method used within the European Union,617 should approximate to that obtained by the measurement method of the Environmental Protection Agency (EPA) of the USA (for measuring particles smaller than 10 mm).27 Both measures would be approximately equivalent, according to the authors, to 55-60% of the total suspended particles (TSP), allowing an approximation of the relative magnitude ofthe effects to be made. In this way, the estimated effect in the three mentioned revisions ranges between a 0.6% and 1% increase in daily mortality for an increase of 10 mg/m' in suspended particles, expressed in PM1o. In suggested that the episodes of air pollution constitute an additional environmental stress factor that can cause the death of compromised patients. Several physiological hypotheses have been formulated on the way in which the particles act on the human body. In a recent report,"0 it was suggested that the explanation for this association is that the particulate matter in cities might contain a very high concentration of ultra fine particles. Even though their concentration might not be not very high gravimetrically, these particles could provoke alveolar inflammation that would liberate mediators capable, in susceptible individuals, of causing an exacerbation of respiratory problems and increasing the coagulability of the blood. This might explain the increase in the number of deaths from cardiovascular problems as a result of air pollution. A similar hypothesis has been presented in which the ultra fine particles (<50nm) present in the urban atmosphere have a toxic reactive capability.3" SO2 presents less clear results in our study. It shows a seasonal pattern with a mortality association that is significant only during warm months. This fact contrasts with the results obtained in other European studies, where it emerges as the pollutant with the clearest association with mortality.89 In a study carried out in The Netherlands,32 no statistically significant association was found either, although in this particular case the levels of SO2 were low (average 18 mg/m3), and in addition, the same measure of exposure (determined by six monitoring stations spread nationwide) was applied to the Dutch population as a whole. The levels of SO2 in Valencia during the study were also low or moderate, partly explaining the nonsignificant association when the year is analysed as a whole.
The greater effect of SO2 on mortality during the warmer months could be a result of its greater detectibility at a time when there are fewer competing risk factors (especially respiratory infections). Furthermore, as there are fewer deaths during the warmer months, any variations have a greater impact on the results. However, it has been suggested that the greatest effects of pollution during hot months could be a result of higher individual exposure based on modified activity patterns." This includes the fact that people spend more time outdoors and windows are left open for longer, so the indoor concentrations are closer to those found outdoors.
In conclusion, the association found shows a positive relationship between air pollution and mortality in the short term, as has been witnessed in a considerable number of investigations carried out elsewhere. These findings suggest that although the present levels of particulate air pollution in the city of Valencia are not being very high, they could have an effect on the number of premature deaths. The association is a weak one, but it is nevertheless important at a public health level both due to the numbers of population exposed and to the possibility of establishing control measures.
